Decontamination process is very important for the detoxification of war gases. Improvement and development of the decontamination solutions is essential since part of them have some drawbacks.
INTRODUCTION
Decontamination is required for eliminating the hazards of chemical warfare agents, in the battlefield as well as in laboratories, pilot plants, and chemical agent production, storage, and destruction sites. Chemical processes for decontamination involve the use of reactive or catalytic chemicals to neutralize CB (chemical-biological) contaminants. Some common decontaminants, such as chlorite bleach, are known to lead to produce by-products that are nearly as toxic as the original agent, but are also more persistent, i.e., resistive to degradation by `weathering`. Generally, destruction of toxic is most favorable in the alkali pH range. However, the use of high pH decontaminants, which typically have pH higher than 10, result in corrosion and degradation of surfaces that are treated with the decontaminant. A universal formulation that can decontaminate all biological and chemical threat is still under research. Existing decontamination solutions are only effective against a certain class of agent. In order to be effective, emergency response personnel would need several types of decontaminants available on-hand. [1] Oxidative decontamination methods are useful for the decontamination of mustard and VX agents (organophosphorus compound) . An early oxidant used was potassium permanganate. Recently, a mixture of KHSO5, KHSO4, and K2SO4 was developed. More recently, hydroperoxy carbonate anions which is produced from the reaction of bicarbonate ions with hydrogen peroxide is also used for this purpose. Different universal decontamination solutions have been studied for the treatment of biological and chemical agents such as hypochlorites, DS2, TechXtr [2] , Nano emulsions [3] , Canadian Aqueous System (CASCAD) [4] , Sandia Foam [5] , Another formulation (MDF-200) which is a similar product marketed as EasyDECON 200 by Environ foam Technologies [6] , L-Gel [7] , and Germany Decontamination Solution (GDS 2000) [8] . Activators such as bicarbonate, sodium molybdate, sodium acetate increase the effectiveness of hydrogen peroxide. The reaction speed increases for all three agents (VX, GB, and HD) as the activator concentration increases [9] . In this paper, a decontamination solution based on hydrogen peroxide, sodium bicarbonate and sodium molybdate is used for the oxidation of S-mustard. The effect of changing the concentration of each constituent was evaluated. Also different formulations in the concentration range (0.2-4) M for hydrogen peroxide, (0.1-1) M for sodium bicarbonate and (0.005-0.02) M for sodium molybdate were examined.
EXPERIMENTAL WORK

Chemicals
The used chemicals are given in Table ( 1), All chemicals were used without more purification. Deionised water and ethanol were used for the preparation of standard solutions. S-mustard (HD) was prepared in laboratory by Clark's method. It is reported that, the product contains ~ 87% S-mustard and 13% oxo-mustard. S-mustard with purity 95% was obtained from this mixture by vaccum distillation (10 mmHg and 70 o C) [ 10] . The prepared S-mustard was qualitatively identified by GC/MS as shown in Fig.(1) , and chemically by thymolphthalein reagent then using UV-Vis spectrophotometer as shown in Fig. (2) . 
Applications of HPLC for the analysis of S-mustard
Operating conditions for the analysis of S-mustard by HPLC are as follows: Mobile phase: Acetonitrile (CH 3 CN) and deionised water (1: (10 mg/mL) is added to 0.5 mL of decontamination solution. Samples were injected according to the specified operating conditions into the HPLC. Recorded results, and the decrease of S-mustard concentration, with time were calculated from the standard calibaration curve. This curve is constructed previously under the same operating conditions and shown in Fig. (4) .
RESULTS AND DISCUSSION
Analysis of the Purified S-Mustard by GC/MS
The purified S-mustard by vacuum distillation was analyzed by GC/MS.The massspectrum is shown in Fig. (1) . The electron impact gave a molecular ion peak (mother peak) located at m/z = 158 with relative abundance of 23.3% ,which corresponds to the molecular weight of S-mustard. The library search indicates that, the prepared sample was S-mustard according to the fragmentation pattern and the produced mass spectrum of the sample. 
Analysis of the Prepared S-Mustard by HPLC
The prepared S-mustard is analyzed by HPLC without any purification and gives the chromatogram shown in Fig. (3) . The chromatogram contains two main peaks. The first peak is located at retention time 1.963 min. represents the S-mustard while the second peak is located at retention time 3.22 min. and corresponds to Oxo-mustard according to the literatures [10] . The quantitative analysis of the prepared S-mustard by the area percent method gives 87 % S-mustard and 13 % Oxo-mustard.
Calibration Curve for S-Mustard by HPLC
The presented calibration curve shown in Fig. (4) indicates the relation between the peak areas plotted versus the known concentration of S-mustard. The calibration curve is constructed to calculate the concentration of toxic agent during the decontamination process.
Effect of Decontamination Solution on S-Mustard.
It has been proposed that the first step in S-mustard hydrolysis is an intermolecular hydrolysis with sulfur displacement of the chloride from the beta-carbon, forming an intermediate cyclic sulfonium salt, which then is susceptible to nucleophilic attack by water or other nucleophiles with ring opening of the sulfonium ion. The products of this reaction are the hemi-mustard and hydrogen chloride. The hemi-mustard continues the same process with the other chloride, eventually forming the thiodiglycol product as well as several additional aggregates. Primary reaction path for the oxidative decontamination of S-mustard was at the central sulfur atom and not the chloride. A sulfur atom which is expected to be converted to a sulfoxide or sulfone upon oxidation and this type of reactions is well documented in literatures [11] . The bicarbonate and molybdate functions catalytically, being oxidized to the reactive peroxybicarbonate species by peroxide ion. Peroxybicarbonate then oxidizes S-mustard quantitatively to the non-vesicant sulfoxid avoiding the formation of the vesicant sulfone.
Effect of Hydrogen Peroxide Alone on Decontamination of S-Mustard
Hydrogen peroxide alone with a solvent, exhibits poor performance for the oxidation of S-mustard, the results are shown in Fig. (5) From the Fig. it is shown that, (30-40) % of S-mustard is oxidized during the first five minuts. This relatively small percent may be due to the smallest reactivity of hydrogen peroxide alone. In addition, the decontamination of S-mustard does not depend on the concentration of H 2 O 2 but depend on the pH of the medium. Consequently, the lower efficiency of hydrogen peroxide may be due to the acidic medium of the solution , and it is known that, most toxic agents are hydrolyzed better in alkaline medium.
Effect of Changing Hydrogen Peroxide Concentration In Decontamination Solution on the Decomposition of S-Mustard
A mixture consists of different concentration of hydrogen peroxide, 0.5M sodium bicarbonate, 0.01M sodium molybdate and ethyl alcohol was tested for decomposition of S-mustard at temperature of 25 0 C and reaction time is 5 min. The results are shown in Fig. (6) . Hydrogen peroxide reacts with sodium bicarbonate and sodium molybdate in the decontamination mixture to produce OOH -, HCO 4 -and MoO 4 -2 anions. The produced anions of peroxy acid will oxidize the S-mustard to sulphoxide. It is shown from Fig. (6) that, as the concentration of H 2 O 2 increases, the percent decomposition of S-mustard increases. It decomposes completely at 2M hydrogen peroxide concentration , due to the suitable pH value of the medium (approximately 8), where the concentration of HCO 4 -anion at these conditions is maximum as mentioned in the lieratures [9] .
Effect of Changing Sodium Bicarbonate Concentration In Decontamination Solution on the Decomposition of S-Mustard
The concentration of sodium bicarbonate is changed from 0.1 to 1 M, and keeping the hydrogen peroxide constant (2 M). It is clear from the Fig. (7) that, as the concentration of sodium bicarbonate increases the percent decomposition of Smustard increases. The effect of NaHCO 3 concentration on the percent decomposition in the range ( 0.5 -1 M ) is small. Consequently, sodium bicarbonate concentration is taken to be 0.5 M in the decontamination solution in the next experiments.
Effect of changing Sodium Molybdate Concentration In Decontamination Solution on the Decomposition of S-Mustard
The concentration of sodium molybdate is changed in the decontamination solution till it reached 0.01 M. After this concentration the percentage decomposition of Smusard does not change as shown in Fig. (8) . Based on this result, the effect of sodium molybdate with different concentrations of sodium bicarbonate, is studied in more details and the results are shown in Fig. (9) . It is clear from the figure that, 0.1M of sodium bicarbonate decomposes 48% of Smustard after 5min. but in the presence of (0.01M) sodium molybdate, the percentage of the decomposition increased to 95% at the same period of time. Consequently, the use of both sodium bicarbonate and sodium molybdate in addition to hydrogen peroxide the decomposition of s-mustard increases dramatically within the first five minutes. The effect of this decontamination solution on S-musard can be explained as shown in the following figure. In this figure, The bicarbonate and molybdate functions catalytically, being oxidized to the reactive peroxycarbonate and peroxy molybdate species HCO 4 -and Mo(OO) 4 -2 , respectively by peroxide.
This species then oxidizes S-musard quantitatively to the non-vesicant Sulfoxid. The mixture comprises an amount of carbonate sufficient to effectively enhance the oxidation of S-mustard.
The concentration of the metal catalyst may be in the range from: 0.1 to 1 M of bicarbonate and 0.005 to 0.02M of molybdate in the combined mixture. The range of pH of this decontamination solution remains between 7.5-8.5. The effect of the proposed decontamination solution on S-mustard as a function of time is shown in Fig. (10) .
CONCLUSIONS
1-Hydrogen peroxide alone is not enough to decontaminate S-mustard. 2-Sodium bicarbonate and sodium molybdate, can be used as activators for this decontamination process. 
